Objective: Glypican-3 (GPC3) is reported to be an oncofetal protein that is a useful diagnostic immunomarker for hepatoblastoma. However, the results are not inclusive. This study systemically investigated the association between expression of GPC3 and pediatric hepatoblastoma. Methods: Clinical studies evaluating the association were identified using a predefined search strategy. GPC3 immunohistochemistry was applied in the pathological diagnosis of hepatoblastoma using the monoclonal antibodies with formalin-fixed and paraffin-embedded specimens. Positive predictive rates for the association between expression of GPC3 and pediatric hepatoblastoma were calculated. Results: Specimens from four clinical studies which including 134 patients with pediatric hepatoblastoma tested by GPC3 immunohistochemistry were considered eligible for inclusion. Systemic analysis showed that, in all patients, pooled positive predictive rate of the association between expression of GPC3 and pediatric hepatoblastoma was 95.5% (128/134). Conclusion: This systemic analysis suggests that the expression of glypican-3 is highly associated with the diagnosis of pediatric hepatoblastoma.
Introduction
Hepatoblastoma is one of the most common primary cancers in children and accounts for two-thirds of all malignant liver neoplasms in children (Ismail et al., 2012) . The risk factor of pediatric hepatoblastoma (PH) is mostly unclear.
The diagnosis of liver nodular disease is always elusive and sometimes difficult for pathologists. Although reticulin staining and (more recently) CD34-immunohistochemistry have been recognized as helpful diagnostic markers in differential diagnoses among hepatic lesions (hepatocellular carcinoma, dysplastic nodules, and other benign hepatocellular lesions), their clinical effectiveness is still somewhat not clear (Park et al., 1998; Kong et al., 2000) . Another difficult challenge in the diagnosis of hepatocellular carcinoma is the differentiation from primary hepatic cholangiocellular carcinoma and liver metastases. Differentiation markers for immunohistochemistry have included hepatocyte antigen (Hep), alpha-fetoprotein (AFP), cytokeratin protein profiling, and the presence of intercellular canaliculi demonstrated by the monoclonal antibodies carcinoembryonic antigen Gold 5 and B-lymphocyte marker CD10. As the variability of these markers might suggest, however, their specificity and sensitivity are (Chu et al., 2002) . Glypican 3 (GPC3) is one of the cell surface heparan sulfate proteoglycans that bind to the cell membrane via glycosilphosphatidylinositol anchors Abdelgawad et al., 2013; Kim et al., 2013) . Heparan sulfate proteoglycans are known to interact with growth factors through heparan sulfate chains and thereby to serve as coreceptors for heparin-binding growth factors (Grisaru et al., 2001; Paine-Saunders et al., 2000; Zhang et al., 2001) . While studies on ovarian cancer cell lines, mesotheliomas, and breast tumors have demonstrated the down regulation of GPC3 (Lin et al., 1999; Murthy et al., 2000; Xiang et al., 2001) , other investigations on hepatocellular carcinoma have shown a marked elevation of GPC3 mRNA over the level observed in corresponding normal tissues (Hsu et al., 1997; Lage et al., 1998; Saikali et al., 2001; Zhu et al., 2001) . On this background, we hypothesize that GPC3 could be associated with the clinical manifestation of pediatric hepatoblastoma.
Materials and Methods

Search strategy
We searched PUBMED, by using the following search term: (glypican-3) and (pediatric hepatoblastoma). All clinical studies evaluating the impact of glypican-3 on the clinical manifestation for pediatric hepatoblastoma published in English prior to December 2014 were identified. If samples of two studies overlap, only the newest one was included. Additional articles were obtained from references within the articles identified by the electronic search. We did not consider meeting abstracts or unpublished reports.
Inclusion and exclusion criteria
We reviewed abstracts of all citations and retrieved studies. The following criteria were used to include published studies: (1) clinical studies, containing ; (2) The study was performed in accordance with the Helsinki Declaration (1964, amended in 1975 and 1983) of the World Medical Association. Eligibility criteria included histologically or cytologically verified metastatic breast cancer, the presence of at least one bidimensionally measurable lesion, a performance status (WHO) 2, age 18 years. Studies were excluded if one of the following existed: (a) duplicate data; (b) no sufficient data were reported.
Data collection and analysis
Selection of trials and data extraction: The titles and abstracts of publications identified according to the above search strategy were assessed independently for inclusion by two authors, the full text was selected for further assessment if the abstract suggests relevance. Disagreement was resolved by discussion. Data was extracted by independent authors. The following recorded data were extracted: author, publication data, and country of the first or corresponding author, the number of patients. Outcome measures presented in at least 3 studies were extracted for combined analysis.
Results
We searched PUBMED, by using the following search term: (glypican-3) and (pediatric hepatoblastoma). There were 285 papers relevant to the search words by the end of November 2014. Via steps of screening the title and reading the abstract, 4 studies were identified (Wang, et al., 2013; Chan et al., 2013; Zynger et al., 2008; Yamauchi et al., 2005) . These studies had been carried out in China, Japan, and the USA. The following outcomes were presented in at least all studies and extracted for combined analysis: the relationship between glypican-3 and pediatric hepatoblastoma regarding clinical manifestation, or prognosis. Characteristics of studies included in the analysis are presented as these outcomes: GPC3 was positive in fetal epithelial cells (54/54, 100%), Nonneoplastic hepatocytes adjacent to tumor were negative for GPC3 expression (0/10) of Wang, et al.; GPC3 expression was seen in 9/9 (100%) hepatoblastomas of Chan et al.; All 65 hepatoblastomas had cytoplasmic immunoreactivity for GPC3 with greater than 90% of cases showing strong, diffuse positivity of Zynger et al.; and Diffusely positive staining of GPC3 was observed in malignant hepatocytes in hepatoblastomas and in hepatocellular carcinomas (47/56, 84%) of Yamauchi et al. Totally, specimens from four clinical studies which including 134 patients with pediatric hepatoblastoma tested for GPC3 were included. Systemic analysis suggested that pooled positive predictive rate of the association between expression of GPC3 and pediatric hepatoblastoma was 95.5% (128/134).
Discussion
Hepatoblastoma is one of the common primary cancers in children. Differentiation markers for hepatoblastoma are suggested to be Hep, AFP, cytokeratin protein profiling, etc. GPC3 is a member of the glypican family of glycosylphosphatidyl inositol-anchored cell-surface heparan sulfate proteoglycans ). The messenger RNA (mRNA) levels of GPC3 have recently been found to be markedly elevated in a large proportion of hepatocellular carcinomas, and this elevation is apparently independent of AFP (Hsu, et al., 1997; Zhu et al., 2001; Midorikawa et al., 2003) . As no GPC3 was detected in the hepatocytes of chronic hepatitis, liver cirrhosis, or normal adult liver, it is suggested that GPC3 could be regarded as an oncofetal protein, at least in the liver. Although GPC3 was originally identified as a suppressor of cell proliferation, 21, 22 it also acts as a negative regulator of inhibitory growth factors such as BMP-7 (Piscione et al., 2001; Watanabe et al., 2003) . Intracellular distribution of GPC3 might be related to such an altered function. Thus, the GPC3 expression in malignant hepatocytes appears to indicate not only the reactivation of a fetal phenotype, but possibly some other biologically significant event also in the carcinogenesis of the liver.
One study conducted in China using five tissue microarray paraffin blocks and included 54 patients of hepatoblastoma, in which tumor tissue samples were obtained from 3 surgical biopsies, 33 needle biopsies, 5 stage I resection tumors, and 13 stage II resection tumors after transcatheter arterial chemoembolization. Ten samples of non-neoplastic hepatic tissue adjacent to tumor were used as control (Wang, et al., 2013) . In this study, immunohistochemical staining of GPC3 was performed, and among these 54 patients, 22 were fetal subtype, 24 were mixed fetal and embryonal subtype and 8 cases were mixed epithelial and mesenchymal type (Wang, et al., 2013) . GPC3 was positive in fetal epithelial cells (54/54, 100%), but negative or weakly positive in embryonic epithelial cells in all cases of hepatoblastoma. Undifferentiated small cells and all mesenchymal components were negative for the expression. Nonneoplastic hepatocytes adjacent to tumor were negative for GPC3 expression (0/10) (Wang, et al., 2013) . In another study conducted in the USA, GPC3 expression in 143 pediatric central nervous system (CNS) tumors and 271 non-CNS tumors was investigated (Chan et al., 2013) . In this study, among non-CNS tumors, GPC3 expression was seen in 9/9 (100%) hepatoblastomas (Chan et al., 2013) . In Chicago, GPC3 immunoreactivity was semiquantitatively evaluated in 65 patients with hepatoblastoma (Zynger et al., 2008) . In this study, histologic patterns in each tumor were individually assessed for immunoreactivity. All 65 hepatoblastomas had cytoplasmic immunoreactivity for GPC3 with greater than 90% of cases showing strong, diffuse positivity (Zynger et al., 2008) . And it was found from this study that no reactivity in benign liver tissue could be tested. Fetal, embryonal, and small cell undifferentiated patterns were diffusely positive in almost all cases, whereas mesenchymal and teratoid patterns were nearly all negative (Zynger et al., 2008) . Thus it was concluded from this study that that GPC3 may play a role in the tumorigenesis of hepatoblastoma (Zynger et al., 2008) . A Japanese group observed diffusely positive staining of GPC3 in malignant hepatocytes in hepatoblastomas and in hepatocellular carcinomas (Yamauchi et al., 2005) . GPC3 expression was independent of the differentiation and size of the hepatocellular carcinoma. On the other hand, there was only weak and focal staining in low-grade (2/8) and high-grade dysplastic nodules (6/8). GPC3 immunoreactivity was detected in only one of 23 metastatic lesions of colorectal carcinoma, and its expression was entirely absent in the liver cell adenoma (0/7), carcinoid tumor (0/1), and cholangiocellular carcinoma (0/16). When compared with immunohistochemistry of hepatocyte antigen and alpha-fetoprotein, GPC3-immunohistochemistry was significantly much more specific and sensitive for hepatocellular carcinomas (Yamauchi et al., 2005) . Thus, GPC3 was confirmed to be one of the oncofetal proteins now attracting attention for their promise both as markers of hepatocellular carcinoma in routine histological examination and as targets in monoclonal antibody-based hepatocellular carcinoma therapy (Yamauchi et al., 2005) .
Our current systemic analysis revealed that specimens from four clinical studies which including 134 patients with pediatric hepatoblastoma tested for GPC3 were included. Systemic analysis suggested that pooled positive predictive rate of the association between expression of GPC3 and pediatric hepatoblastoma was 95.5%. In conclusion, our systemic analysis suggests that the expression of glypican-3 is highly associated with the diagnosis of pediatric hepatoblastoma.
